A blind panel was tested in a diagnostic evaluation of a reverse transcription (RT) polymerase chain reaction (PCR) method for detecting hog cholera virus (HCV) from pig tissues. The capability of the RT-PCR test to discriminate between HCV and related pestiviruses, bovine viral diarrhea virus (BVDV), and those viruses causing similar diseases in swine, including African swine fever virus (ASFV) and pseudorabies virus (PRV), was also considered. Nucleic acid extraction involved either kit-based or conventional phenol : chloroform : isoamyl alcohol methods. A single-round PCR assay, using primers that hybridize to the conserved p 120 nonstructural gene region, was 82.5% sensitive (n = 17) and 100% specific (n = 18) in the detection of the presence of HCV RNA. However, the sensitivity was increased to 100% following a second PCR test. In all, 4 HCV, 7 BVDV, 2 ASFV, and 1 PRV isolates were studied. Novel nucleic acid sequences were generated for 9 HCV strains. Analysis of a portion of the p120 region using these methods was suitable for HCV isolate characterization.
exotic diseases. Acute African swine fever (ASF') is another reportable disease of swine caused by an unclassified virus, which produces a syndrome indistinguishable from acute HCV infection based upon clinical and pathologic profiles. Pseudorabies virus (PRV), an alphaherpesvirus, can produce high mortality rates among young swine and may be considered in diagnostic evaluations. A related ruminant pestivirus, BVDV, is endemic worldwide and can cause a hog cholera-like syndrome in young pigs. It is, therefore, important for agricultural agencies to distinguish between pig infections due to HCV and those due to BVDV.
Classical techniques employed to diagnose HCV infections include the detection of viral antigen using fluorescent or peroxidase-labeled conjugates, either in cryostat sections of tissues or following up to 3 serial passages in a cell mono1ayer. 7, 15, 20 Monoclonal antibody-based tests are required to distinguish between pestiviruses originating from swine and those from ruminants. Several laboratories have described reverse transcription (RT) polymerase chain reaction (PCR) procedures 16 for the detection of HCV from swine tissues. A Chinese field isolate was amplified from a variety of pig tissues using primers directed at the gp44/ gp48 encoding region. 11 Similarly, HCV RNA was detected from tissues from both wild boars and domestic pigs infected with a number of European isolates. Primers in that study hybridized to the 5' nontranslated region or the p133 nonstructural protein gene. 22 In another study, HCV RNA from swine tissues was detected 9 by using primers complementary to the p 120 12,14 Subgrouping of viruses into historical and recent categories was achieved by restriction endonuclease analysis of the PCR product. 9 The objectives of the present study were to 1) further evaluate the PCR assav for detection of HCV in swine tissues, in terms of diagnostic test sensitivity and specificity, by comparison with traditional virus identification methods and 2) establish the nucleic acid sequence of various PCR amplicons to provide a basis for future isolate characterization. (Table 1) . HCV specimens originated from individual tissues from piglets experimentally infected with the Standard, New South Wales, or BAI strains of HCV ( Table 2 ). All HCV strains utilized in the study have been described previously. [7] [8] [9] 20 Sample collections were stored at -70 C. Some sample sets designated for PCR were snap frozen in liquid nitrogen at necropsy and then transferred to the freezer. To mimic field conditions and the time required to transport a submission to the laboratory, pigs infected with the New South Wales and BAI strains were euthanized, and the carcasses were stored in the cubicles for 6 hr prior to necropsy. Then tissues were held at 4 C for an additional 48 hr before specimens were frozen at -70 C. Also, tissue pools were included from piglets that had not been previously tested for the presence of HCV but had come from sows infected during gestation with the Glentorf strain of HCV. Negative controls consisted of a BVDV-infected piglet, in vitro propagated type II BVDV strains, and tissue pools from pigs infected with the Lisbon or Brazil strains of ASF virus (ASFV) or the 5894 field isolate of PRV. The panel also contained tissues from uninfected slaughter-age pigs.
Materials and methods

Preparation of panel and sample processing. A blind panel of 35 samples was evaluated by classic virus isolation and PCR detection methods
Tissue culture supernatants were tested in classic virus isolation and PCR tests without prior dilution. Pig tissues were weighed, minced finely with scissors, and then transferred to tissue grinders. Minimal essential medium, buffered with Earle's salts, was added to make a 10% suspension, then homogenates were clarified by centrifugation at 3,000 rpm at 4 C for 20 min. For a portion of the samples, this preparation was used immediately for virus isolation and PCR (Table 1) . Alternatively, 100 mg of tissue was transferred directly to an Eppendorf tube for further processing using a kit.
Virus isolation and identification. HCV antigen was identified first by using a screening indirect peroxidase assay (IPA), which uses polyclonal antiserum to detect pestiviruses. 1 Those samples that tested positive in the screening IPA, after either 1 or 2 passages in cell culture, were subsequently tested in a confirmatory IPA, employing a monoclonal antibody to detect HCV. 20 The 50 µl of tissue culture or 10% tissue homogenate was inoculated onto PK-15 cells in 96-well plates in duplicate tests and incubated for 48 hr in a 5% CO 2 incubator. After fixation with acetone, putative pestiviruses were detected with HCV-seropositive serum (either polyclonal or monoclonal), with HCV-seronegative control serum applied to the duplicate set of wells. After washing steps, bound antiserum was detected with either horseradish peroxidase-conjugated rabbit anti-swine IgG (screening with polyclonal antibody) or goat anti-mouse IgG (confirmation with monoclonal antibody) and 3-amino-9-ethylcarbazole (chromogen) and H 2 O 2 (substrate).
Extraction of nucleic acid. Nucleic acid was extracted using an RNA extraction kit a according to the manufacturer's specifications or using phenol-chloroform-isoamyl alcohol as previously described. 9 The kit protocol was based upon guanidine thiocyanate and acid phenol extraction 3 followed by purification with a matrix to yield pure RNA. Pellets were resuspended in 10 µl H 2 O (tissue culture supernatant extracts) or 20 µl H 2 O (tissues emulsion extracts).
RT-PCR. The RT-PCR assay and post-PCR analyses were performed as previously described. 9 The PCR primers hybridize to a portion of the p45/p75 boundary of the p120 gene of the Alfort and Brescia strains 12,14 : HCV-1, nucleotides 5067-5087, 5'-GCTCCTGGTTGGTAACCTCGG-3'; HCV-2, nucleotides 5554-5574, 5'-TGATGCTGTCACA-CAGGTGAA-3'. The Standard and Alfort HCV strains were used as positive controls for PCR. The PCR protocol consisted of 40 cycles of denaturation at 94 C (1 min), primer annealing at 59 C (1 min), and elongation at 72 C (2 min). Amplification products were analyzed by electrophoresis in agarose b containing 0.5 µg/ml ethidium bromide.
Cycle sequencing. DNA sequencing of the PCR products was pursued to provide definitive confirmation of product identity and to generate a database of HCV sequences in the p45-p75 12,14 genomic region. To provide additional sequence information, PCR and cycle sequencing were also performed on 6 other HCV strains for which p120 gene sequences were not available: 3 historic (pre-1980; Bergen, Baker, and Windsor) and three recent (post-1980; 1821, Osterode, and V622) strains. Both PCR primers were utilized in sequencing experiments. PCR templates that had been selected for sequencing were purified by electrophoresis in low-meltingpoint agarose. c DNA was extracted using a chromatography column kit d according to the manufacturer's instructions. Nucleic acid concentration was determined by comparing to a set of known standards using ethidium bromide quantitation. 17 Sequencing data were generated using a sequencing visualized by autoradiography following electrophoresis in a 6% polyacrylamide gel and Tris-borate-ethylenediaminetetraacetic acid buffer and transfer to 3 MM Whatmann filter paper. Nucleotide sequences were aligned with a sequence analysis program f . Phylogenetic trees of virus strains were produced with a software program g that utilizes maximum parsimony methods.
Results
Detection of HCV by IPA. Conventional virus identification assays confirmed the presence of HCV in all the positive samples except from a piglet infected in utero with HCV ( Table 1 ). All negative control specimens tested negative, including 3 BVDV type 1, 5 BVDV type II, 2 ASFV, 1 PRV, and 7 noninfected tissues.
Detection of HCV RNA by RT-PCR. Using a singleround PCR assay, HCV nucleic acid was detected directly from tissues in 14/17 specimens, providing a sensitivity of 82.5% ( Table 1 ). The single-round PCR protocol was at least as sensitive as the classical IPA method, as shown by testing several samples in end point dilution experiments in both assays. Negative disparate samples, as compared with conventional isolation techniques, were retested utilizing template from the first-round PCR or first tissue culture passage fluids. One sample tested positive following reamplification of the first PCR product, and amplicon was detected following analysis of first tissue culture passage material from 2 additional specimens (Table 1) . Thus, the overall PCR test sensitivity was 100%. Negative controls (BVDV-, ASFV-, and PRV-infected samples and normal pig tissues) provided negative results in the PCR test (n = 18), yielding a PCR test specificity of 100%. Kit-based and phenol methods of extraction did not produce differences in test sensitivity when applied to a subset of the panel.
HCV isolate characterization by nucleic acid sequencing. Analysis of five PCR products using cycle sequencing methods was performed. The amplicons originated from samples of Glentorf, Standard, and BAI strains and sequences were compared to the published sequence of an Alfort isolate. 12 In addition, 6 other PCR products, originating from 3 historical (pre-1980; Bergen, Baker, Windsor) and 3 recent (post-1980; 1821, Osterode, V622) strains, were sequenced to provide a more complete sequence database (Fig. 1) . A range of 184-418 nucleotides/strain were sequenced. These data have been submitted to GenBank under accession numbers HCU30717-30725.
All strains could be distinguished using nucleotide sequencing methods, except for the Standard and BAI isolates. Sequence homologies as compared with the Alfort strain ranged from 88.3% for Baker HCV to 99.2% for V622 HCV. In the region sequenced, the recent HCV strains were more similar to the published Alfort sequence 12 than were the historical strains (Figs.  1, 2) . Most mutations did not result in changes in amino acids: only 6.7% of nucleotide changes were synchronous. Phylogenetic analyses revealed, based upon studies with the p120 gene region, that the BAI and Standard strains may be the most ancestral of those strains included in the study. The viruses that were identified in the 1980s (Osterode, 1821, V622) clustered in an area of the phylogenetic tree that indicated a more recent origin. Therefore, the phylogenetic analysis is in basic agreement with the actual period of virus isolation.
Discussion
An evaluation of a PCR protocol for detection of HCV directly from tissues 9 was pursued in a diagnostic laboratory setting. In this experiment, all HCV specimens yielded PCR products; however, for 3 samples an additional round of amplification, either in tissue culture or by PCR, was necessary. One of these samples originated from a carcass held at room temperature prior to sample collection, mimicking a field specimen. A second sample requiring a second PCR originated from a piglet that had been infected with the Glentorf strain as a fetus. We did not determine whether a kitbased extraction protocol would have been more sensitive with these samples. Nested PCR 10 or PCR product capture 21 strategies may decrease the level of falsenegative tests. In addition, 3 HCV strains (Bergen, Standard, New South Wales) not previously investigated using the HCV-pr1/2 primer pair 9 were amplified in these experiments. The HCV-1/2 primer pair is capable of amplifying 16 HCV strains from a variety of regions and dates of origin.
Many countries regulate hog cholera as a reportable disease, whereas BVDV infection is distributed worldwide. Therefore, differentiation of these viruses is of paramount importance in detection schemes. Our laboratory has previously reported that the HCV-1 and HCV-2 primer pair, derived from the p120 nonstructural gene region, did not amplify template from 6 ruminant pestiviruses. The present data reveal that an additional 6 BVDV isolates, including 5 type II viruses, also were not detected with the HCV primer pair. Other workers have also used primers directed to other relatively conserved areas of the HCV genome to amplify a range of HCV strains while still discriminating between porcine and ruminant pestiviruses. 10, 22 To facilitate isolate characterization, which is especially valuable for tracing the source of an incursion or viral ancestor, the nucleic acid sequences of the PCR product were determined. Sequence for the p120 genomic region previously has been available for 2 virus isolates only: Brescia 14 and Alfort. 12 In this study, we identified partial nucleotide sequences for a further 9 strains, which has allowed for isolate identification and phylogenetic analyses. Therefore, the degree of conservation of the p120 gene region has allowed for amplification of all HCV strains tested using a single primer set, and the variability in the region also made it possible to identify strains using cycle sequencing. 
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